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The poisoning of honey bees (Apis mellifera) arising from the
agricultural use of pesticides has been monitored in the United
Kingdom for over twenty years (Stevenson et al. 1978) using
measurement of bee head acetylcholinesterase (AchE) inhibition
as an indicator of organophosphate insecticide poisoning. 1In
1978, there were widespread reports of serious poisoning
associated with honey bees foraging on oilseed rape to which
triazophos had been applied. Investigation of these incidents
showed that AchE inhibition was apparently reversible after
triazophos poisoning (Findlay et al. 1982).

The present study was undertaken to establish whether measure-
ment of head AchE can be used to diagnose pesticide poisoning

in honey bees. This paper describes experiments to examine
enzyme stability and the degree and reversibility of inhibition
following lethal exposure to a range of pesticides. The study
has shown bee AchE to be unstable when stored at room temperature.
Lethal pesticide treatment of bees with most carbamate and organo-
phosphate compounds resulted in significant AchE inhibition,
which was not spontaneously reversible following storage at room
temperature, but reactivation could be achieved by chemical means.
Oral treatment with carbaryl and pirimicarb did not result in the
inhibition of honey bee head AchE. Although pyrethroids and
gamma—-HCH treatments did not inhibit bee AchE, the enzyme lost
activity on storage at room temperature. This lost activity was
recovered following chemical reactivation. The results of this
study will allow the interpretation of bee incidents where
pesticide poisoning is alleged.

MATERTALS AND METHODS

The insecticides selected for study were : Organophosphate -
azinphos methyl /0,0-dimethyl S-/(4-oxo-1,2,3-benzotriazin~3
(4H)~y1l)methyl/ Shosphorodithioapg/; demeton-S-methyl /S-2-ethyl-
thioethyl 0,0-dimethyl phosphorothiocate/; dimethoate /0,0-dimethyl
S—lz;(methylamino)—2—oxoethyl/ phosphorodithioatg?} phosalone
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/s- /6 chloro=2-oxo~ 3(2H)—benzoxazoly1/ methyl?b O-diethyl phos-
phorodlthloate/, triazophos /0,0- -diethyl O- (I-phenyl-1 H-1, 2,4-
triazol-3-yl) phosphorodithiocate/; Cavbamate - carbaryl /l—naph—
thalenyl methylcarbamate/, ethiofencarb /2 ethylthlo—methylphenyl
methylcarbamate/; pirimicarb /2-(dimethyTamino)-5,6~dimethyl~4—
pyrimidinyl d1methy1carbamaté7' Pyrethroid - cypermethrin
/(RS) cyano(3—phenoxypheny1)methyl(IRS)-czs,trans—B (2,2-dichloro-
ethenyl) -2,2-dimethyl cyclopropane carboxylate/ deltamethrin
/(IR/a(S*) 3a/)—cyano(3—phenoxypheny1)methy1 3 (2,2-dibromo-
‘ethenyl)-2,2- dlmethyl—cyc1opropanecarboxy1ate,, permethrin
/(3-phenoxyphenyl)methyl (IRS)-cs, trans=3-(2,2-dichloroethenyl) -
2,2-dimethyleyclo-propane carboxylaté7 Organcehlortne -
gamma-HCH /1a 20,38, 40, 50,68- hexachlorocyclohexane/ The
pesticides were all of technical grade. The pyrethr01ds were
synthesised at Rothamsted Experimental Station.

Batches of worker honey bees (Apis mellifera) were kept 20 to a
cage at 280C. Untreated bees were killed by storing at -20°C

for 24 hours. The effect of temperature on untreated bee head
AchE activity was investigated by storage of bees at —ZOOC, 4%¢
and room temperature for periods of 1,4,7,12,18 and 26 days after
death in unsealed glass bottles. Further individual bees were
dosed (Anon, 1979) by contact with an amount of each pesticide
calculated to be three times the LD (Smart and Stevenson, 1982,
Stevenson, 1978). Bees were also ddosed orally with pirimicarb
because of the high contact LD., value with honey bees and with
carbaryl for comparison. All greated bees were left for 24 hours
at 28°C. Dead bees were collected and the survivors killed along
with batches of untreated bees. All bees were frozen at ~20°C
for 24 hours. Bees which had died from pesticide treatments and
untreated bees were divided into groups for either immediate bee
head AchE assay or for storage at -20°C or at room temperature
for a further 7 days prior to AchE assay. Duplicate groups of

15 bee heads were cut from all untreated and treated groups of
bees and homogenised in 10 ml ice cold 0.1M phosphate buffer

pH 7.5 using a Silverson macerator. The homogenate was filtered
through glass wool prior to assay and reactivation. The AchE
activity of the extract was assayed at pH 7.5 by the method of
Ellman et al. (1961) modified using a 1 ml of 207 (v/v) extract,
1.9 ml of 0.0015M DTNB in 0.1M phosphate buffer and 0.1 ml of
0.02 M ATCl in a final volume of 3.0 ml at 25°C and 412 om.

Chemical reactivation was initiated by mixing 0.2 ml of extract
and 0.05 ul of 3.3% (v/v) aqueous pyridine 2-aldoxime methiodide
(2-PAM) solution. Samples (100 ul) were taken for assay after
30 minutes. The method described by Martin et al. (1981) for
spontaneous reactivation of the AchE activity was also applied
to the bee head extracts.
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RESULTS AND DISCUSSION

Storage conditions. Untreated bees were stored at room tempera-
ture in unsealed glass bottles to prevent both condensation
forming with the subsequent appearance of mould and the general
deterioration of the samples. A loss of body water, which
amounted to approximately 607 of the initial bee head weights,
occurred during storage at room temperature for 7 days and meant
that neither the bee nor bee head weight could be used to
express bee head AchE activities. These have therefore been
expressed in International milliunits (mmoles of substrate
hydrolysed per minute) of enzyme activity per bee head and this
has given reproducible results.

Storage of untreated bee heads at -20°C or 4°C for periods of up
to 26 days resulted in no significant loss of AchE activity
although some variation was found compared to the initial
activity on day 1 (Table 1). The chemical reactivation procedure
applied to these bee head extracts caused some small decreases in
activities. In contrast, bees stored at room temperature showed
appreciable losses in head AchE activity which became significant
after 26 days. Some degree of chemical reactivation was also
evident at 26 days.

Table 2. Contact and oral LD.. values for the honey bee and

50
treatments at 2 or 3 X LD50 levels
LD50 LDSO
Compound ug Dose Compound ug Dose

contact ug/bee contact ug/bee

Azinphos-methyl 0.063 0.15 Cypermethrin 0.056 0.12

Demeton-S-methyl 0.26 0.60 Deltamethrin 0.051 0.11
Dimethoate 0.12 0.30 Permethrin 0.11 0.25
Phosalone 8.9 20 HCH 0.46 1.2
Triazophos 0.055 0.15
Carbaryl 1.3 2.7 LD50
Ethiofencarb 2.3 6.3 Compound ug Dose
oral ug/bee
Pirimicarb >54 140 Carbaryl 0.14 0.28
Pirimicarb 3.2 6.5
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Contact treatments. The majority of bees receiving pesticide
treatments (Table 2) died within 24h. Bees poisoned by contact
application of organophosphate and carbamate insecticides gave
significant AchE inhibition after death and storage at —-20°C for
one day, but those treated with pyrethroids and gamma-HCH did not
(Table 3). Phosalone, dimethoate and demeton-S-methyl gave 13-19%
of the control activity, azinphos-methyl and triazophos gave 53
and 717% of the control activity respectively and the three carba-
mates (carbaryl, ethiofencarb and pirimicarb) gave 22-537 of the
control activity. The present results with dimethoate are in
agreement with those of Needham et al. (1966) who reported 107 of
the control activity for bees examined one day after dimethoate
poisoning. However, the results with triazophos differ from those
of Findlay et al. (1982) who found approximately 87 of control
activity in bees two days after triazophos poisoning. This spon-
taneously reactivated to 44Z of control activity after 7 days at
room temperature. In the current study, the initial activity
obtained one day after poisoning was 717 of the control value.
Needham et al. (1966) and Stevenson et al. (1978) have previously
suggested that honey bee cholinesterase activities below 337 of
the control indicate probable poisoning by organophosphate pesti-
cides while Barker et al. (1978) stated that intermediate AchE
levels of 33-67% of the control indicates possible organophosphate
poisoning. The current study and that of Findlay et al. (1982)
show the latter criteria are too rigid since bees poisoned with
azinphos-methyl, triazophos and the carbamate ethiofencarb all
show 53-71% of the control activities.

The inhibition from both organophosphate and carbamate pesticides
was largely recoverable to normal levels by chemical reactivation
with 2-PAM although the amount of activity recovered varies
between the compounds. Martin et al. (1981) also obtained
chemical reactivation of quail brain AchE with organophosphate

and carbamate pesticides, however, the differential reactivation
for dimethyl and diethyl organophosphorus esters was not evident
in the present study with bee AchE. The method described by
Martin et al. (1981) for the differential reactivation of quail
brain AchE resulting from organophosphate and carbamate pesticides
using chemical and spontaneous reactivation procedures respect-—
ively has been routinely used at the Tolworth Laboratory for the
investigation of wildlife deaths of avian and mammalian species in
which agricultural chemicals are implicated (Brown et al. 1977).
However, no AchE activity from bee head homogenates was detectable
following elution through Sephadex columns with or without further
dilution thereby preventing the routine application of this dif=-
ferential procedure to the investigation of pesticide effects in
bee poisoning incidents.

The bee head AchE activities from treated bees following storage
at -20°C for 8 days all appeared to be in similar ranges to the
initial depressions obtained after storage at -20°C for 1 day.

The subsequent response of the inhibited AchE to chemical reacti-
vation was reduced following storage at -20°C. With the exception
of phosalone, further large reductions in bee head AchE activity

673



were recorded after storage at room temperature for 7 days and
again underlines the need for caution in interpreting AchE
activity data obtained from bee incident samples when the time
following death is unknown. The three pyrethroids and gamma-HCH
did not depress bee head AchE activities following storage at
-20°C. However, bees treated with these pesticides and stored at
room temperature lost 49 to 677 of their activities but could be
chemically reactivated to higher levels than were obtainable with
any of the organophosphate or carbamate contact treatments. The
mechanism responsible for the latter changes following storage
after pyrethroid and gamma-HCH treatments are not understood.

Oral treatments. Bees which died from oral carbaryl or pirimicarb
treatments did not show significant inhibition of AchE activity
(Table 3). Storage of bees treated with orally dosed pirimicarb
for 7 days at room temperature did not result in significant
decreases in the AchE activity and no subsequent chemical reacti-
vation was obtained.

Inhibition of cholinesterase by carbamates has previously been
assumed by Stevenson et gl. (1978) to be rapidly reversible after
death and the current results are consistent with this view for
oral administration of carbaryl and pirimicarb. The results for
oral carbaryl and pirimicarb are in contrast to the results from
the contact treatments with carbaryl, ethiofencarb and pirimicarb
which all give significant inhibition which is also persistent on
storage at room temperature for 7 days. This suggests that
following oral treatment, carbaryl and pirimicarb are either
detoxified metabolically or spontaneously decompose in the gastro-~
intestinal tract while that applied externally would either be
absorbed directly into all tissues or remain on the exterior
surface and react with the enzyme during the assay.

Interpretation. The results demonstrate that the application of
head AchE assays to the diagnosis of organophosphate or carbamate
insecticide poisoning in bees requires a knowledge of the exact
storage history of the samples. In many mortality incidents the
casualties are not discovered until some time after death with
the result that the insects have spent a variable time at rela-
tively high temperatures before reaching the laboratory for
analysis. In such cases the AchE results require cautious
interpretation to avoid any loss of activity due to deteriora-
tion during delay periods being incorrectly attributed to pesti=-
cide involvement.

An integral part of the routine investigation of suspected bee
poisoning incidents is a field investigation to determine the
scale of reported mortalities, the proximity of attractive crops
and any evidence of recent pesticide treatments. The collected
bee samples are routinely screened in order to eliminate disease
as the probable cause of death. If these tests are negative,
bee head AchE is measured followed by analysis for organophos-
phorus, organochlorine and carbamate pesticide residues. On the
basis of the present study, the measurement of the relative
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activities determined before and after chemical reactivation of
bee head AchE is useful in differentiating between low esterase
values which are due to ageing and deterioration of bee samples,
before collection and during transit to the laboratory, and low
values due to pesticide exposure. This esterase measurement
should only be used as an adjunct to residue analysis but may be
beneficial in the final causal analysis of an incident if very low
levels of pesticide residues are present in the bee samples
extracted.
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